S. aureus cells were grown in tryptic soy broth/agar at 37ºC with appropriate antibiotics.
The promoter and lacZ gene transcriptional fusions of pbp2 (Ppbp2::lacZ), vraSR (PvraSR::lacZ), tcaA(PtcaA::lacZ), lytR(PlytR::lacZ), and sgtB(PsgtB::lacZ) were constructed as described earlier (22, 27) . The promoter fragments were subcloned upstream of a promoterless lacZ gene in the shuttle vector pAZ106 (4) , and transferred into S. aureus RN4220 by electroporation (20) . The lacZ fusion constructs were transferred by phage 80α-mediated transduction from S. aureus RN4220 into S. aureus SH1000 (22) . Overnight cultures of the fusion strains were diluted 100-fold in TSB and grown to an OD 600 of about 0.3 at 37ºC.
Potential inducing agents were added to cultures and they were incubated for an additional 2 hours followed by β-galactosidase activity determination. β-galactosidase activity was measured colorimetrically using o-nitrophenyl-β-D-galactoside as the substrate (19) . For potential high throughput screening we have modified assay for 96-well plates in a total reaction volume of 50 µl using MUG as substrate (29). Other molecular techniques were performed as described by Novick (20) and Sambrook and Russell (26).
To demonstrate that the expression of the lacZ was dose-dependent, all promoter::lacZ fusion strains were incubated with various concentrations of oxacillin (Fig. 1A) . Overnight cultures of the Ppbp2::lacZ clone were diluted 1:100 in TSB and grown to an OD 600 of approximately 0.3. Various concentrations of oxacillin ranging from 0.075 µg/ml to 8.0 µg/ml were then added and the cultures were incubated with shaking at 37°C. Cultures were collected after 0.5, 1, and 2 h and β-galactosidase assays were performed. The induction of β-galactosidase could be seen after 0.5 hr with an oxacillin concentration as low as 0.3 µg/ml and the highest substantial pbp2 induction was seen after two hours with an oxacillin concentration of 1.2 µg/ml, which is also the MIC of oxacillin for SH1000. Similarly, dose-dependent β-galactosidase
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on September 7, 2017 by guest http://aac.asm.org/ Downloaded from assays were performed for all of the promoter::lacZ fusion strains with oxacillin as the inducing agent (Fig. 1B) . For all strains, induction was shown with oxacillin concentrations as low as 0.3 µg/ml. Most strains exhibited approximately a 4-fold induction, with the exception of the PsgtB::lacZ strain, which exhibited a much lower basal β-galactosidase activity and a 13-fold induction (Fig. 1B) . All strains also exhibited an increase in β-galactosidase expression as the oxacillin concentration was raised from 1.2µg/ml to 8 µg/ml oxacillin. Induction was seen in all fusion strains by all cell wall-active antibiotics tested, i.e., D-cycloserine, bacitracin, and vancomycin ( Table 1 ). The largest overall induction was found using D-cycloserine as the inducing agent with the PsgtB::lacZ clone. Induction with bacitracin was modest but present in all strains, resulting in at least a two-fold induction.
To test whether the induction of promoters was specific to cell wall-active antibiotics, various classes of antibiotics, such as the translational inhibitors erythromycin, chloramphenicol, streptomycin, and tetracycline, the transcriptional inhibitor rifampin, the cell membrane permeability altering antibiotic nisin, and the inhibitor of folic acid biosynthesis trimethoprim, were added to growing cultures of the promoter::lacZ fusion strains at MIC concentrations. As shown in Table 1 , no significant induction was observed. Northern blot analysis further confirmed that protein synthesis inhibitors did not result in transcription of cell wall stress stimulon genes (data not shown). These results clearly suggested that the induction of β-galactosidase in fusion strains is highly specific to cell wall-active antibiotics.
To show that the induction was not a general stress response, the effect of various environmental conditions were tested. As shown in Table 1 , no induction was seen by the cell wall lytic enzymes lysozyme (5µg /ml) and lysostaphin (0.25µg /ml). Unlike cell wall-active antibiotics, which inhibit the synthesis of the cell wall, both of these agents cause enzymatic
on September 7, 2017 by guest http://aac.asm.org/ Downloaded from degradation of peptidoglycan. Also, no induction was seen with Trition X-100 (1%), a mild detergent (cell membrane disrupter). Other environmental stress conditions, such as pH (5-9), temperature (25-42 C), osmotic stress (1.5 M NaCl) and oxidative conditions (20 mM hydrogen peroxide or 50 µM paraquat) did not lead to induction (data not shown). Thus, the induction of all lacZ fusion strains was found to be unaffected by general stress conditions.
Among the clones we studied, PsgtB::lacZ showed a five-to fifteen-fold induction by cell wall-active antibiotics, with small standard deviations and a consistent basal level of β-galactosidase activity. sgtB is a member gene of the cell wall stress stimulon, under the control of the VraSR system in S. aureus (15, 16) and catalyzes peptidoglycan transglycosylase activity (32) . The sgtB promoter strain may offer the best potential whole cell screen for cell wall-active agents with the advantages of screening directly in S. aureus, and avoiding compounds active against cell free targets that are inactive against whole cells (33) .
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